
Appendix B for Review
Bob Benson  to: Brattin Bill, David Berry, Terry Schulz 09/20/2010 09:13 PM

From:

To:

Bob Benson/R8/USEPA/US

Here is where I think we are with the modeling for Appendix B.  Let me know if you think this is an accurate
description.
  
Terry,
The issue with the simple calculation of LEC05 using the equation LEC05 = 0.05/(slope + 1.645*SE) is that is
doesn't take into account the SE of the other factors in the equation.  As I understand it, SE should be
included in each factor so the lower confidence limit line should be parallel to the EC05 line, not anchored at
the zero exposure value and tipped lower as CE increases.  Bill can explain this better if the above is not
clear.

   - APPENDIX B.doc


APPENDIX B


Region 8 Evaluation of Exposure-Response from the Marysville Cohort



The University of Cincinnati Research Team provided detailed information on the Marysville workers.  They developed an Exposure Matrix (fibers/cc for each department from the industrial hygiene data. The data for each worker included the cumulative exposure to Libby Amphibole (fibers-yr/cc) based on detailed worker job history, average concentration of exposure to Libby Amphibole (fibers/cc) based on detailed worker job history, hire date, age at first exposure, body mass index, smoking history, date and age at time of health examination, sex, and the presence of discrete pleural thickening, diffuse pleural thickening, parenchymal change as revealed by conventional radiographs, and self-reported prevalence of rheumatoid arthritis.  The report from the University of Cincinnati is included in Appendix C.


[Table of CHEEC versus endpoint and plots are included here for information.  In the final version they will be only in Section 5 of the RfC document.}


Table 5-1 Mean cumulative human equivalent exposures and prevalence of toxicological endpoints found in Marysville workers 


		Mean Cumulative Human Equivalent Exposure, fibers-yr/cc and


(Range)

		Discrete Pleural

		Diffuse Pleural

		Parenchymal

		Rheumatoid Arthritis



		0.062


(0.001-0.121)

		3/50

		0/50

		0/50

		3/49


(1 didn’t know)



		0.157


(0.123-0.200)

		8/50

		0/50

		0/50

		3/48


(2 didn’t know)



		0.291


(0.209-0.430)

		13/51

		2/51

		1/51

		1/50


(1 didn’t know)



		1.205


(0.431-2.718)

		16/50

		1/50

		1/50

		1/49


(1 didn’t know)



		13.584


(2.735-34.621)

		19/51

		7/51

		5/51

		5/51



		Total

		59/252

		10/252

		7/252

		13/247





Figure 6 Prevalence of radiographic change versus cumulative human equivalent exposure
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Figure 7 Prevalence of radiographic change versus log cumulative human equivalent exposure
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EPA expresses the RfC as continuous exposure (24 hours/day; 7 days/week).  When using data from an occupational study, the calculated exposure is usually converted to a human equivalent concentration using a factor of 5 days/7 days x 10m3/20 m3 (US EPA 1994).  Because of the extensive seasonal overtime for some job classes at the Marysville facility (see University of Cincinnati report), this general approach will be incorrect.  The approach used to estimate the cumulative human equivalent exposure concentration (CHEEC, fibers-yr/cc) is described in section 5 of the University of Cincinnati report (appendix C).  Region 8 used the CHEEC for subsequent data analysis.



EPA traditionally has used the NOAEL/LOAEL approach to characterize the exposure-response relationship for the chemicals assessed in the IRIS Program.  More recently EPA has used benchmark dose analysis when appropriate data are available.  These approaches use grouped exposure and response data.  Analyses using individual exposure and health outcome data have rarely been used because appropriate individual human exposure and response data are usually not available.  For the Marysville cohort, however, individual exposure and health outcome results are available and a more comprehensive analysis is possible.  This type of analysis has more statistical power since it can take advantage of more information on each study subject and allows for more statistical control over potential confounders that may distort the results.



Non-linear regression models for dichotomous outcome data that provide both a slope and standard error of the slope include Logistic Regression and Probit Regression Models.  Region 8 conducted a statistical analysis of individual exposure and health outcome data using Logistic Regression (R Development Core Team, 2009).  Region 8’s analysis used only data on individuals who did not reported any previous occupational exposure to asbestos (n = 252).  This approach was selected to minimize any influence on the result from exposure to a different fiber that will give a similar health outcome.  For the reasons discussed in Section 5.1.2, Region 8 conducted the detailed analysis only with discrete pleural thickening.


REGRESSION ANALYSIS


Logistic regression was performed with the data using the R statistical software version 2.11.1.  The basic equation for the Logistic Regression is:


p = 1/ [1 + exp(-z)]


The dependent variable was discrete pleural thickening (n = 59) noted on a chest x-ray of a former worker in the Marysville facility (n = 252).  The available explanatory variables were cumulative exposure to amphibole fibers, age at time of x-ray, gender, ever smoked, and body mass index (BMI).  The BMI variable was missing for 34 individuals.


The strategy used to select the model consisted of adding one explanatory variable at a time plus cumulative fiber (model: discrete pleural thickening = cumulative fiber + explanatory variable).  Explanatory variables having p > 0.2 were dropped from further consideration.


An initial model of cumulative fiber plus Body Mass Index (BMI, n = 218) strongly suggested BMI (p = 0.89) did not correlate with discrete pleural thickening.  Two subsequent models using cutoffs of 25 and 30 also indicated the non-significance of BMI (BMI 25 p = 0.38, BMI 30 p = 0.93).  Therefore, BMI was eliminated as an explanatory variable.


The result for smoking indicated smoking was not a significant explanatory variable (p = 0.79).  Ever smoked was eliminated as an explanatory variable.


A model of cumulative fiber plus gender indicated gender was a potential contributing explanatory variable with p = 0.18.  However, it should be noted that the worker cohort was highly imbalanced with 236 males and 16 females.  The females constituted only 6.3% of the cohort indicating statistical inferences regarding gender should be viewed with caution.  In addition, the majority of the females have only very low cumulative exposures.  Only 3 females have a cumulative human equivalent exposure in excess of 0.15 fibers-yr/cc.  Gender was not included as an explanatory variable. 


Models of cumulative fiber plus age at x-ray, age at x-ray squared, or centered age at x-ray all indicated age at x-ray was a significant explanatory variable.


Based on these preliminary results, the following equation was used for z:


Z = b0 + b1*CE + b2*age at x-ray


Fitting was performed using the data for each individual with and without age at x-ray in the model.  Results are in the table below.


		Model

		Coefficient

		Intercept

		Estimate

		Standard Error

		Probability

		AIC



		1

		Cumulative Fiber

		-1.39945

		0.05833

		0.17029


0.01920

		0.000


0.002

		269.04



		2

		Cumulative Fiber


Age at x-ray

		-3.29033

		0.04083


0.03268

		0.91068


0.02065


0.01522

		0.000


0.048


0.032

		266.48





The intercept term from the Logistic Regression is used to estimate the background response of discrete pleural thickening in the absence of the explanatory variable.  The value for Model 1 is 20% and for Model 2 is 3.7%.  Both estimates are much larger than expected based on reports in the published literature (Anderson et al., 1979; Castellan et al., 1985; Rogan et al., 1987; Miller et al., 1996; Rogan et al., 2003; and Bohnker et al., 2005).  The background prevalence in these studies is 0.2%, 1.2%, 1.2%, 2.3%, 3.9%, and 2.3%, respectively.  See section 4.3.1.  In populations where efforts were made to exclude individuals with prior exposure to asbestos, rates of 1.2% (4/326) were reported by Anderson et al. (1979) and 0.2% (3/1422) were reported by Castellan et al. (1985).  Recall that this analysis of the Marysville workers excluded those who reported any previous occupational exposure to asbestos.


Perhaps more importantly, Model 2 predicts an age-dependent background incidence of discrete pleural thickening of in excess of 25% with age at x-ray of 70 years.  See the figure below.
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Based on these discrepancies alternative models were investigated.


Region 8 tested some alternative models, including not only logit but also log-logit.  The equation for the log-logit model is:



p = γ + (1-γ) / [1+ exp(-z)] 


The equation is comparable to the equation used in the Benchmark Dose Software for the log-logistic model.


Screening-level runs performed suggested the log-logit model is better than the logit model.  Models tested included z equal to:


a) z = b0 + b1*ln(CE)


b) z = b0 + b1*ln(CE*L)


c) z = b0 + b1*ln(CE*Lk)


Where:


CE = mean cumulative human equivalent expose (fibers-yr/cc)


L = latency or time from first exposure to time of x-ray


K = exponential term


The results indicated that model b is better than model a.  Model c provided only a small improvement in fit and generated a value of K = 19.  As this seems counter intuitive model c was not pursued further.


The red line in the figure below shows the modeling results using equation b.  Note that fitting was based on the individual data, and binned data points are shown in the graph simply as a way to get a rough visual impression of goodness of fit.
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Bin Min Max Mean N Cases Latency p z ln(CE)


1 0 0.05 0.025 20 1 25.56 0.0500 -1.6449 -3.707


2 0.05 0.1 0.07 18 1 29.87 0.0556 -1.5932 -2.670


3 0.1 0.2 0.15 61 9 34.24 0.1475 -1.0470 -1.914


4 0.2 0.4 0.27 46 12 35.57 0.2609 -0.6407 -1.301


5 0.4 100 7.06 107 36 36.46 0.3364 -0.4222 1.955
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p = γ+ (1-γ)/(1+exp(-z))


Results b0 -2.24


b1 0.3392


γ 0.0% BMR 5.0%
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Based on these results, using exposure starting at birth with a latency of 70 years, and a response rate of 5%, the point of departure for calculating the RfC is 0.125 fibers-yr2/cc, equivalent to 0.002 fiber-yr/cc (0.125 fibers-yr2/cc divided by 70 years, and rounded to 1 significant digit.  [Note to internal reviewers: we haven’t settled on a procedure to deal with the lower confidence limit on the exposure to give a 5% response (BMCL05).  It is likely to be close to a factor of 2.  In addition the text of the RfC document uses an UF of 30, 10 for intraspecies variability and 3 for the issue of the autoimmune response found in Libby residents.  So the RfC will be lower than 0.0000595 fibers-yr/cc.  Converting to fibers/cc by dividing by another factor of 70 years will yield an RfC of 0.0000008 fibers/cc.  As this value is way below what can be measured in an environmental sample, using a lower confidence limit on the 5% response rate makes no practical difference.  However, including the lower confidence limit would be consistent with the practice of the IRIS program.]
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